Objective: To evaluate HRCT scans of the chest in 22 patients with cocaine-induced pulmonary disease. Methods: We included patients between 19 and 52 years of age. The HRCT scans were evaluated by two radiologists independently, discordant results being resolved by consensus. The inclusion criterion was an HRCT scan showing abnormalities that were temporally related to cocaine use, with no other apparent causal factors. Results: In 8 patients (36.4%), the clinical and tomographic findings were consistent with "crack lung", those cases being studied separately. The major HRCT findings in that subgroup of patients included ground-glass opacities, in 100% of the cases; consolidations, in 50%; and the halo sign, in 25%. In 12.5% of the cases, smooth septal thickening, paraseptal emphysema, centrilobular nodules, and the tree-in-bud pattern were identified. Among the remaining 14 patients (63.6%), barotrauma was identified in 3 cases, presenting as pneumomediastinum, pneumothorax, and hemopneumothorax, respectively. Talcosis, characterized as perihilar conglomerate masses, architectural distortion, and emphysema, was diagnosed in 3 patients. Other patterns were found less frequently: organizing pneumonia and bullous emphysema, in 2 patients each; and pulmonary infarction, septic embolism, eosinophilic pneumonia, and cardiogenic pulmonary edema, in 1 patient each. Conclusions: Pulmonary changes induced by cocaine use are varied and nonspecific. The diagnostic suspicion of cocaine-induced pulmonary disease depends, in most of the cases, on a careful drawing of correlations between clinical and radiological findings.
Introduction
Cocaine is an alkaloid found in the leaves of a bush of the Erythroxylaceae family: the coca bush (Erythroxylum coca).
(1) After marijuana, it is the second most widely consumed and trafficked illicit drug in the world. (2, 3) The prevalence of "lifetime use" of cocaine in the 108 largest cities in Brazil, in 2005, was 2.9%. (3) In 2012, a survey conducted by the Fundação Oswaldo Cruz involving approximately 25,000 people estimated the number of crack users in Brazil to be 0.81%, i.e., about 370 thousand users. (4) Cocaine is the most widely consumed illicit drug among patients treated in emergency rooms, as well as being the leading cause of drug abuse-related deaths. (1, 5) Several respiratory problems have been temporally associated with acute or chronic cocaine use. (6, 7) Therefore, the diagnosis of cocaine-induced pulmonary diseases is a challenge for clinicians and radiologists, especially in urban hospitals.
Although there have been some studies reporting cocaine-induced pulmonary changes All scans were analyzed for the following: ground-glass opacities, consolidations, interlobular septal thickening, the crazy-paving pattern, nodules, small parenchymal nodules, centrilobular nodules, the tree-in-bud pattern, cavitation, the halo sign, paraseptal emphysema, apical bullae, bullous emphysema, masses, and architectural distortion. The criteria for defining these findings, as well as the terminology used, were those recommended in the Fleischner Society Glossary of Terms (11) and in the consensus guidelines of the Colégio Brasileiro de Radiologia (12) and the Departamento de Imagem of the Sociedade Brasileira de Pneumologia e Tisiologia. (13) In addition, all scans were assessed for the presence of pleural effusion, pneumothorax, pneumomediastinum, and any other associated findings.
The HRCT findings were also analyzed for laterality (bilateral, left, or right), as well as for distribution in the axial plane (central, peripheral, or random) and in the craniocaudal plane (upper, middle, lower, or diffuse). Lesions predominating in the inner third of the lung were defined as central, those predominating in the outer third of the lung were defined as peripheral; and those showing no preferential distribution were defined as random. The craniocaudal distribution of the lesions was characterized as follows: upper, for those located preferably above the level of the aortic arch; middle, for those located from the level of the aortic arch to the level of the carina; lower, for those located below the level of the carina; and diffuse, for those with no apparent predominance.
Results

Clinical and epidemiological aspects
We assessed 22 patients with cocaine-induced pulmonary disease, of whom 18 (81.81%) were male and 4 (18.18%) were female. All patients were adults, and ages ranged from 19 to 52 years (mean age of 32 years). The route of cocaine administration was inhalation (smokers or "snorters"), in 19 cases (86.36%), and i.v. injection, in 3 cases (13.63%). Crack use alone was reported in 9 cases, and other cocaine use, including cocaine hydrochloride and freebase cocaine, was reported in 11 cases. Two patients on chest X-ray (CXR), there have been few studies describing CT findings.
The objective of the present study was to evaluate, by means of an analysis of HRCT scans of the chest in 22 patients with pulmonary changes that were temporally related to cocaine use, the most common HRCT findings, their morphological characteristics, and the distribution of the lesions in the lung parenchyma. In addition, we studied some epidemiological aspects of those patients.
Methods
The present study was approved by the Research Ethics Committee of the Hospital Universitário Antonio Pedro of the Universidade Federal Fluminense, in the city of Niterói, Brazil.
Because the study was retrospective, patient informed consent was not required. This was a descriptive, retrospective observational study of HRCT scans of the chest in 22 patients with pulmonary changes induced by cocaine use, all of which were randomly gathered via personal contacts with radiologists and pulmonologists from seven different institutions, located in six Brazilian states. Eighteen patients were male, and 4 were female. Ages ranged from 19 to 52 years.
Patients were assessed for route of cocaine administration, type of cocaine used, and the presence of AIDS. The diagnosis was based on the association between HRCT findings and their temporal relationship with cocaine use, after excluding other possible causes.
Among the cases studied, we found patients with different types of pulmonary involvement, presenting with different clinical syndromes caused by cocaine use. In order to group patients and their imaging findings efficiently, we defined a subgroup of 8 patients presenting with features of the "crack lung" syndrome, which is characterized by respiratory failure associated with pulmonary opacities that are temporally related to crack use, with no other apparent causal factors, and which resolves rapidly after discontinuation of such use. (8) (9) (10) As multiple institutions were involved, the HRCT scans of the chest were obtained with different scanners, using the high-resolution technique, with images being acquired from lung apex to lung base. The scans were evaluated by two radiologists independently, discordant results being resolved by consensus. hemopneumothorax occurred in 1 patient, respectively. Three patients developed talcosis. One of those patients reported using cocaine by inhalation, and the other 2 reported using cocaine by injection. All patients presented with perihilar conglomerate masses associated with architectural distortion and emphysema ( Figure  3 ). In 1 of the injection cocaine users, increased reported both crack and other cocaine use. The prevalence of AIDS was 22.72% (n = 5).
Tomographic aspects
The clinical and tomographic findings were consistent with the "crack lung" syndrome in 8 cases. Other forms of thoracic involvement included barotrauma (n = 3); talcosis (n = 3); organizing pneumonia (n = 2); bullous emphysema (n = 2); and pulmonary infarction, septic embolism, cardiogenic pulmonary edema, and chronic eosinophilic pneumonia, in 1 patient each (Table  1) . Those changes were clinically divided into acute ("crack lung", barotrauma, pulmonary infarction, septic embolism, and cardiogenic pulmonary edema) or chronic (talcosis, organizing pneumonia, chronic eosinophilic pneumonia, and bullous emphysema).
"Crack lung"
The most common HRCT finding in the 8 patients classified into the "crack lung" subgroup was ground-glass opacities, in 100% of the cases. In addition, consolidations were found in 4 of those cases (50%; Figure 1 ), and the halo sign was found in 2 (25%). The crazy-paving pattern was identified in 1 case (12.5%). In another case (12.5%), concomitant centrilobular nodules, some with the tree-in-bud pattern, were found. Paraseptal emphysema in the lung apices was identified in 1 case (12.5%; Table 2 ). Although the association of HRCT patterns was common, ground-glass opacities predominated in all cases analyzed. Regarding laterality, the involvement was bilateral in all 8 cases. The axial plane distribution was predominantly peripheral in 5 cases and predominantly central in the remaining 3. In none of the cases was the distribution random. In the craniocaudal plane, lesions were found to predominate in the upper third of the lung in 2 cases and in the lower third of the lung in 2 cases. In addition, diffuse involvement was seen in 4 cases. No case was found to have lesions predominating in the middle third of the lung.
Less common complications
Barotrauma was found in 3 patients. Two of those patients reported using cocaine by inhalation, and the other one reported using cocaine by inhalation and injection. Pneumomediastinum (Figure 2) , pneumothorax, and spontaneous a The sum of the percentages is greater than 100%, given that some patients had associated findings.
Discussion
Cocaine is the second most widely used illicit drug (second only to marijuana) in Brazil and in the world, as well as being associated with numerous health problems, such as those related to the respiratory system. (5, 14, 15) However, identifying cocaine use in clinical practice remains difficult, representing a diagnostic challenge. For this reason, few case series have been published on the topic, being primarily limited to the study of the profile of cocaine users and their symptoms, especially those associated with psychological and behavioral changes. (14, 16) Because of the pulmonary impairment observed in cocaine users, chest radiology plays a critical role in the assessment of such patients. Large prospective studies aimed at the radiological investigation of pulmonary changes are scarce density was noted within the masses, whereas, in the other one, there were also small parenchymal nodules in the adjacent parenchyma.
Organizing pneumonia was identified in 2 patients. Both of them reported using cocaine by inhalation and had HRCT findings of central and peripheral consolidations associated with architectural distortion. The diagnosis was confirmed by lung biopsy. Bullous emphysema was found in 2 patients who smoked cocaine, 1 of whom reported both cocaine and marijuana use. In that patient, HRCT showed large emphysema bullae in the lung apices, associated with architectural distortion. One patient developed pulmonary infarction and reported using cocaine by inhalation. The HRCT scan of that patient showed triangular subpleural consolidation with a pleural base. The diagnosis of pulmonary infarction was based on the clinical condition of the patient in combination with the radionuclide imaging pattern.
The patient with HRCT findings consistent with septic embolism reported using cocaine by injection. In that case, the HRCT findings consisted of predominantly peripheral pulmonary nodules, most of which were cavitated (Figure 4) . Cardiogenic edema was identified in 1 patient, who reported using cocaine by inhalation. The HRCT scan of that patient showed ground-glass opacities interspersed with smooth interlobular septal thickening, resulting in a crazy-paving pattern, associated with bilateral pleural effusion and an enlarged cardiac silhouette. The patient with eosinophilic pneumonia reported using crack by inhalation. He presented with peripheral and pulmonary eosinophilia. His HRCT scan showed peripheral areas of ground-glass attenuation. batteries, sometimes combined with different organic solvents. "Oxi", or oxidized cocaine, is synthesized by mixing leftovers of cocaine paste with gasoline or kerosene and raw (virgem) lime (CaO). "Oxi" has become popular as an alternative substance that can be sold at a very low price, and its use is spread across Brazil. (23) There is a relationship between cocaine use and the presence of HIV infection and AIDS (5) ; this is due to increased exposure to risky sexual behavior and to transmission via injection drug use. (19) The prevalence of AIDS in our sample was 22.7%.
The diagnosis of cocaine-induced pulmonary impairment is based primarily on a history of exposure to cocaine, consistent radiological findings, and the exclusion of other apparent causes for those findings. (24) Although knowledge of whether patients have a history of cocaine use is extremely important for establishing a causal relationship, rarely is this information spontaneously provided by patients or their guardians, which makes the diagnosis difficult. Often, this information is only obtained retrospectively, after direct history taking, and, although 25-60% of crack users exhibit respiratory symptoms after smoking the drug, few seek medical attention. (18, 24) In most of the cases analyzed in our study, cocaine use was mentioned by patients only at a late stage of the investigation.
Certain physical examination findings, such as burned fingertips, resulting from handling the glass pipes typically used to smoke the drug, or the presence of black sputum, characteristic of crack use and attributed to the inhalation of carbon residues from butane or from the alcoholsoaked cotton used for the purpose of cooking the cocaine, can suggest the diagnosis. (5, 24) The frequency of cocaine-induced pulmonary complications is unknown; however, a wide spectrum of changes have been described in literature reviews. (5, 8, (24) (25) (26) (27) (28) Those changes include "crack lung", pulmonary edema, alveolar hemorrhage, interstitial disease, pulmonary hypertension, organizing pneumonia, emphysema, barotrauma, infection, lung cancer, pulmonary infarction, eosinophilic disease, aspiration pneumonia, lipoid pneumonia, etc. (5, 8, (24) (25) (26) (27) (28) In our study, the HRCT scans of 22 patients were evaluated, and the most common finding was "crack lung", in 8 cases, followed by barotrauma and limited to CXR series. (17, 18) Taking only the literature related to CT into consideration, studies are even scarcer, consisting of case reports and review studies.
Regarding the profile of cocaine users in Brazil and in South America, the incidence of use is higher in males in the 25-to 35-year age group. (19, 20) The data found in our sample are comparable to those from the literature, with the incidence being higher in males (80.95%), especially in young adults (mean age of 32 years).
Currently, the most widely used form of cocaine is crack, mainly because of its intense euphoric effects, which are obtained within a few minutes, and its lower cost. (15, 16, 21) In our study, crack also was the most widely used type of cocaine, in 11 cases (50%), and, in 2 of those cases, the patients reported both crack and other cocaine use.
Cocaine can be administered by inhalation (smokers or "snorters") and/or by i.v. injection. (5) Currently, the most widely used route of administration is inhalation, especially crack or freebase cocaine smoking. (15) The preference for inhalation over i.v. injection that has occurred in recent decades is mainly due to the increase in HIV transmission via injection drug use. (22) In our study, 86.36% of the patients reported using cocaine by inhalation, and only 13.63% reported using i.v. cocaine, which is consistent with data from the national and international literature.
In Brazil, at least two other varieties of freebase cocaine, designated "merla" and "oxi", are administered by inhalation (smoked). (23) "Merla" contains acids obtained from car and 2 cases of pneumothorax, 1 of which was associated with hemothorax.
Talc, silica, cellulose, and other adulterants are added to street cocaine. (6) Inhalation and i.v. injection of talc-adulterated cocaine each may cause interstitial lung disease. (8) Inhalation talcosis appears on HRCT as centrilobular or subpleural nodules, conglomerate masses, and lymph node enlargement. (8, 31, 32) Injection talcosis can manifest as diffuse small nodules of increased density, areas of ground-glass attenuation, panacinar emphysema predominantly in the lower lobes, and perihilar conglomerate masses, which may contain areas of increased density. (31, 33) In our study, perihilar conglomerate pulmonary masses, associated with architectural distortion and emphysema, were identified in the 3 patients who presented with talcosis. In 1 case, increased density was noted within the masses, and, in another one, there were also small nodules in the adjacent parenchyma.
Organizing pneumonia has been reported in young crack smokers. (5) In our study, the 2 patients with organizing pneumonia, confirmed by lung biopsy, presented with central and peripheral consolidations on HRCT, as well as architectural distortion. Pulmonary bullous emphysema, predominantly in the upper lung region, is reported in 2-4% of injection drug users, typically affecting young men. (5) In our sample, the two patients with bullous emphysema presented with large emphysema bullae in the lung apices, associated with architectural distortion. Septic pulmonary embolism and community-acquired pneumonia are among the most commonly observed infectious pulmonary complications in i.v. drug users. (5) HRCT findings in community-acquired pneumonia can vary and are frequently related to the causative agent (34) ; whereas septic emboli characteristically appear on HRCT as multiple peripheral pulmonary nodules, in different stages of cavitation, representing areas of septic infarction. (8, 35, 36) This pattern was identified in 1 patient in our sample.
Our study had some limitations. First, the study was retrospective. Second, HRCT techniques varied widely, given the multicenter origin of the cases studied. Another important limitation of the present study, as well as of any other study related to drug users, is that, in certain cases, there are difficulties in establishing a causal relationship between cocaine use and HRCT patterns with and talcosis, in 3 cases each. Other findings included organizing pneumonia and bullous emphysema, in 2 cases each. In addition, pulmonary infarction, septic embolism, cardiogenic edema, and eosinophilic pneumonia were identified in one case each. It should be considered, however, that no radiological finding alone is diagnostic of pulmonary changes induced by cocaine use. Most imaging findings are nonspecific and should be correlated with a history of cocaine use. (24) The term "crack lung" refers to an acute pulmonary syndrome that occurs after inhalation of freebase cocaine and is associated with fever, hypoxemia, hemoptysis, respiratory failure, and the presence of diffuse alveolar infiltrates rich in eosinophils. (5, 14, 24, 28) Since alveolar hemorrhage, hypersensitivity pneumonitis, eosinophilic disease, and acute respiratory distress syndrome can be indistinguishable radiologically, the development of respiratory failure related to bilateral opacities, combined with cocaine use and rapid resolution after cessation of such use, has been called "crack lung". (5, (8) (9) (10) 24) HRCT findings in patients with "crack lung" include ground-glass opacities, consolidations, airspace nodules, smooth interlobular septal thickening, and, in some cases, the crazy-paving pattern. (5, 15, 28) In the literature, there are no large case series investigating the most common HRCT findings in patients with "crack lung" and their distribution in the lung parenchyma. In our study, a bilateral distribution was found in all cases, being predominantly peripheral in the axial plane and diffuse in the craniocaudal plane.
Barotrauma is another complication that is often related to crack smoking and to the inhalation of powdered cocaine. (29) There is an increase in airway pressure after smoking, either due to episodes of forceful coughing or intentional production of a Valsalva maneuver to increase the absorption and maximize the effect of the drug. (29) Barotrauma can manifest as pneumothorax, pneumomediastinum, pneumopericardium, or subcutaneous emphysema, and it is usually diagnosed by CXR. (5, 29) When CXR is inconclusive, HRCT can help in the diagnosis. (30) A finding of pneumomediastinum in young patients with no history of trauma should raise the suspicion of inhaled cocaine use. (27) We found no data on the frequency of each type of barotrauma in the literature. In our study, we found 3 cases of barotrauma, 1 case of pneumomediastinum, certainty. Many of those individuals used or use other illicit drugs by inhalation or i.v. injection. Therefore, when crushed and injected into a peripheral vein, oral use tablets can also cause pulmonary talcosis. In other cases, the added use of marijuana can cause pulmonary bullous lesions. Despite these limitations, the present study includes the largest series of patients with cocaine-induced pulmonary changes identified on HRCT scans that has ever been published.
In conclusion, the most frequently found type of pulmonary change was "crack lung". Other highly prevalent thoracic complications related to cocaine use were barotrauma and talcosis, followed by bullous emphysema and organizing pneumonia, as well as by cases of pulmonary infarction, septic embolism, cardiogenic pulmonary edema, and eosinophilic pneumonia. Pulmonary changes induced by cocaine use are nonspecific and should be temporally correlated with such use, after exclusion of other causes.
